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Abstract 
 
Process optimization and innovative material applications gain 
more and more interest under the aspect of continuously 
increasing functional and structural demands on thermal sprayed 
coatings. With the cascaded triple arc plasma gun generation, the 
atmospheric plasma spraying process was advanced by 
delivering enhanced plasma stability and, associated with this, 
higher deposition efficiency. The TriplexPro™ 200 is the latest 
version of a three cathode plasma spraying system on the market 
and offers distinctly higher particle velocities, due to its 
advanced nozzle design. As a result of the higher particle 
velocities, lower particle oxidation and higher coating density 
can be realized. In order to increase the corrosion protection of 
metallic coatings and the thermal properties of TBCs, the aim of 
the work performed is a parametric study to deposit advanced 
coating systems for high temperature applications.  
 
Introduction 
 
Thermal barrier coatings have been used successfully since the 
1950s for the life extension of turbine combustors and 
afterburner components by providing a layer of thermal 
insulation between metal structures and hot gas.  This thermal 
barrier also permits operation at higher combustion temperatures 
thus improving the efficiency of the turbine engine cycle. 
 
Important developments included the introduction of NiCrAlY 
bond coats and plasma-sprayed Yttria stabilized Zirconia (YSZ) 
topcoats in the mid-1970s and the development of electron beam 
physical vapor deposition to apply the topcoat in the early 1980s 
[1]. These types of coatings have been used for many years on 
combustion liners. Due to the development of more advanced 
thermal barrier coatings, turbine vanes, and even the leading 
edges of blades, can nowadays be coated. The use of thermal 
barrier coatings (TBCs) has resulted in a significant 
improvement in the efficiency of aircraft gas and land-based 
turbines [1,2]. 
 
Typical systems consist of a nickel-base superalloy substrate 
coated with MCrAlY (M=Ni,Co,Fe) bond coats, on to which a 
yttria-stabilized zirconia (YSZ) or similar TBC material is 
deposited. The TBC can be deposited by atmospheric plasma 
spraying (APS) or electron beam physical vapor deposition (EB-
PVD) while the MCrAlY bond coat is ideally applied using an 
HVOF process. 
 
Advanced coating systems with an even lower thermal 
conductivity are essential for optimized thermal efficiencies for 
future gas turbine engines. Additionally, due to optimized 
coating processes, the efficiency of the coating process itself can 
be boosted.  
 
In the presented work, the Sulzer Metco TriplexPro™ 200 
system is used to produce advanced TBC coating systems. 
 
Experimental 
 
Coating Deposition and Process Diagnostics 
The spraying experiments were carried out with the atmospheric 
plasma spraying process using the new Sulzer Metco 
TriplexPro™ 200 Plasma Gun. The nozzle portion of the Triplex 
Gun is composed of a series of thin copper rings, all of which are 
electrically insulated, except for the last one, which operates as 
the anode and serves as the plasma forming nozzle. This 
arrangement fixes the cathode-anode distance that each of the 
three plasma arcs must travel, ensuring the plasma-arcs are 
axially and tangentially stable. The Triplex gun generates a 
fixed-location, high-enthalpy plasma jet, enabling injection of 
the powder into the hottest part of the plasma plume. 
Combinations of Argon and Helium are commonly used to 
generate the plasma jet for this atmospheric plasma spraying 
process. In this work, using the Triplex Pro system, the plasma 
jet was generated with combinations of argon and nitrogen as 
well as exclusively argon. 
 
The influence of different process parameters on the coating 
microstructure was analyzed, in order to achieve a defined 
porosity with increased deposition efficiency for the ceramic 
thermal barrier coatings, and, for the bond coat, produce dense 
coatings that have low oxide content. 
 
The coating characteristics were compared to plasma sprayed 
coatings produced with conventional plasma spray guns. As the 
TBC coating material, a Yttria stabilized Zirconia oxide 
polyester composite powder (-125 / +16µm) SM2460 was used, 
which is a material designed for abradable applications in gas 
turbines. For the bond coat application a CoNiCrAlY powder 
Amdry995 (Sulzer Metco) was used. 
 
In-flight particle characteristics were measured using the 
DPV2000 diagnostic system (Tecnar). 
A micro-structural evaluation of the cross sections of the 
coatings was carried out using optical microscopy. 
 
Results and Discussion 
 
Thermal Barrier Coating 
Compared to conventional plasma guns, the TriplexPro™ 200 
shows a significant improvement in powder feed rate and 
deposition efficiency. Powder feed rates up to 150 g/min are 
possible using 3 powder feeders. Deposition efficiencies up to 
90% can be achieved after a parameter optimization was 
conducted for the yttrium stabilized zirconium oxide polyester 
composite powder material.  
 
Using the TriplexPro™ 200, it is possible to utilize powder 
materials with course grain sections. Due to this capability the 
range of reachable porosity can clearly be extended. The 
following image shows a cross-section of a Triplex-sprayed 
TBC. 
 
The coating, shown in Fig. 1, is characterized by a high porosity 
of about 35%. 
 
 
 
Figure 1: Microstructure of a Triplex Pro™ 200 sprayed TBC. 
 
The porosity can be increased up to around 45% by adjustment 
of the process parameters. Generally it can be observed, that the 
use of nitrogen as a second plasma gas increases the coating 
thickness and thus the deposition efficiency and the porosity as 
shown in Table 1. Comparing e.g. sample 1 and sample 3 using 
constant plasma power values, the addition of nitrogen as a 
primary gas increases the deposition efficiency by 30 %. 
 
Table 1: Coating properties for different process parameter sets. 
 
Sample 1 2 3 4 
Argon 
(SLPM) 
50 45 45 45 
Nitrogen 
(SLPM) 
- 10 10 10 
Current (A) 600 400 500 480 
Plasma 
power 
(kW) 
62.1 44.8 60 56.7 
Coating 
thickness 
(µm) 
406.6 414.6 568.6 542.1 
Porosity (%) 22.3 46.7  33.9 35.8 
 
An increased porosity up to 35%, and resulting from this, a 
lower heat conductivity of the thermal barrier coating during 
operation, can not be obtained using common spray systems. The 
TriplexPro™ can operate with larger spray distances up to 
180 mm and has an advanced powder injection system. Its three-
fold symmetry can be used advantageously by means of a three-
fold powder injector; the flow of powder through its nozzles can 
be aligned exactly in the hottest parts of the plasma jet by 
optimizing the position of the powder injectors and the injection 
angle. Both parameters secure an optimal powder heating during 
the particle flight which is necessary to achieve the shown 
porosity values. 
 
Figure 2 and 3 compare the particle temperatures using common 
plasma spraying systems and the TriplexPro™ 200. The particle 
temperatures, measured with the DPV 2000 show a uniform 
temperature distribution while measurements of common plasma 
spraying processes, such as the F4 show considerably higher 
temperature gradients in the spray plume. This, coupled with 
optimal injection, enables the TriplexPro™ to achieve such high 
deposit efficiencies and high feed rates.  In essence the plasma 
gun is more efficient at utilizing the energy of the plasma plume 
to heat and melt the powder particles. The uniform energy 
distribution also means there is less sensitivity to minor 
fluctuations in carrier flow and injection position.  
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Figure 2: Particle temperature distribution using the F4 Plasma 
gun. 
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Figure 3: Particle temperature distribution using the 
TriplePro™ gun. 
 
Dependent on the required porosity and the associated spray 
parameters used, a darkening of the coating into grey can be 
observed (Fig. 4). 
 
 
 
 
Figure 4: Darkening of the TBCs. 
 
As shown in Fig. 5, XRD phase analyses show, that the sprayed 
coatings, independent of the coloring, predominantly consist of 
the metastable tetragonal t`ZrO2-phase. Regarding the relative 
height and number of diffraction peaks, no significant difference 
of the crystal modification can be observed between the different 
process parameter sets and, therewith, cooling rates and process 
temperatures. 
 
Darkening of TBCs has been observed in the past [3,4,5]. The 
darkening can be caused by an impurity of the feedstock material 
or by the formation of off-stoichiometric zirconium oxides and 
yttrium oxides. In this work, coatings were sprayed from 
feedstock of high purity, that is why off-stoichiometric phase 
formations is considered as responsible for the darkening effect.  
 
The darkening effect can be eliminated by a heat treatment of 1 
hour at 600 °C. 
 
 
 
Figure 5: XRD analysis of the different colored coatings. 
 
Bond Coats 
Due to the higher particle velocities possible using the 
TriplexPro™ 200 system, there can be deposited HVOF-like 
high temperature and corrosion resistant bond coats (Fig. 6). The 
coatings are characterized by a high density and low oxide 
content. This allows the deposition of the typical double layer 
TBC system using one thermal spraying process, in which both 
layers are optimally produced.  
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Figure 6: Microstructure of a TriplexPro™ 200 sprayed 
MCrAlY bond coat. 
 
Summary 
 
This paper presents research work concerning the application of 
thermal barrier coatings using the TriplexPro™ 200 system.  
 
Increased reliability of the Triplex sprayed coating systems could 
be achieved through complementary approaches.  
 
On one hand, advanced coating characteristics such as higher 
porosity for the TBCs, and resulting from this, lower thermal 
conductivity, can be achieved by using the TriplexPro™ 200 
plasma spray system.  On the other hand, it is possible to reduce 
production costs by tow different means:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1. Higher deposition efficiency and feed rates reduce 
powder material costs and the coating time. 
2. The possibility to apply the bond coat and the TBC top 
coat using the same spraying system allows an efficient 
production operation.  
For this reasons, the new TriplexPro™ 200 spraying system 
delivers important advantages to produce improved TBC 
systems in a cost-efficient production. 
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